The generalization hypothesis of abstract-concept learning was tested with a meta-analysis of rhesus monkeys (Macaca mulatta), capuchin monkeys (Cebus apella), and pigeons (Columba livia) learning a same/different (S/D) task with expanding training sets. The generalization hypothesis states that as the number of training items increases, generalization from the training pairs will increase and could explain the subjects' accurate novel-stimulus transfer. By contrast, concept learning is learning the relationship between each pair of items; with more training items subjects learn more exemplars of the rule and transfer better. Having to learn the stimulus pairs (the generalization hypothesis) would require more training as the set size increases, whereas learning the concept might require less training because subjects would be learning an abstract rule. The results strongly support concept or rule learning despite severely relaxing the generalization-hypothesis parameters. Thus, generalization was not a factor in the transfer from these experiments, adding to the evidence that these subjects were learning the S/D abstract concept.
Generalization is a basic process in virtually all learning. When novel situations are similar to familiar ones, learned performance tends to transfer. In some situations (categorization or classification) features of the stimuli provide the basis for this transfer, whereas in other situations (e.g., identity of stimulus pairs) a stimulus relationship provides the basis for transfer. Even in this latter case, where learning a relationship is the purpose of the experiment, it is nevertheless possible that subjects might learn the correct response to features of the individual stimulus pairs. Then, when novel stimuli are used to test for concept learning, the similarity of features with alreadylearned stimuli might mediate transfer. The relative balance between these two types of stimulus control can be manipulated, for example, by the number of training stimuli and hence the number of exemplars of the relationship. As the number of exemplars increases, learning will shift toward learning the relationship as the number of stimulus pairs to be learned becomes too great. In the limit, when all stimuli are novel, feature learning should be completely ineffective in dealing with the new stimuli (i.e., transfer). Nevertheless, virtually all learning experiments repeat the training stimuli, and most do so frequently. Thus, in most concept-learning experiments there is at least some opportunity for stimulus-feature learning. In this article, we refer to transfer based on generalization from stimulus-feature learning as the generalization hypothesis and transfer based on stimulus-relationship learning as concept learning.
Transfer and abstract-concept learning are tested by presenting novel-stimulus test trials. The transfer trials are typically intermixed with a much larger number of training trials. If subjects accurately perform on test trials (i.e., transfer their learned performance), then experimenters typically claim that the abstract concept has been learned. Despite this tried-and-proven method of testing abstract-concept learning, the issue remains whether transfer was based upon the abstract relationship or generalization from the training stimuli. Resolving this issue is not easily accomplished. With the large number of stimuli required to adequately train animals and test for abstract-concept learning, it becomes practically impossible to prove that the transfer stimuli were truly novel and distinct from the training stimuli so that stimulus generalization cannot be the basis of transfer and concept learning.
In this article we present a new approach to testing whether transfer was based on generalization from the training stimuli by focusing on the learning itself. We conduct a meta-analysis on the same/different (S/D) learning by two monkey species and pigeons with progressively expanding stimulus training sets Katz, Wright, & Bachevalier, 2002; Wright, Rivera, Katz, & Bachevalier, 2003) . Our rationale was that if we can determine that these subjects were unlikely to have learned the task according to the specific features of the training stimulus pairs, then this would add to the growing body of evidence that these subjects were basing their judgments on stimulus relationships when they accurately transferred this performance to novel stimulus pairs.
Same/Different Abstract-Concept Learning
The ability to judge two things as either the same or different has a special role in human cognitive development of abstract thinking (e.g., equivalence, conservation of area, volume, and number: Daehler & Bukatko, 1985; Marcus, Vijayan, Bandi Rao, & Vishton, 1999; Piaget & Inhelder, 1966 /1969 Siegler, 1996) . Such abstract thinking forms the rudimentary basis of mathematical operations based on equivalence. Learning elementary equivalence relationships can provide the basis for more complex strings of equivalent operations involved in novel sentence construction and novel sequences of mathematical operations (e.g., Chen & Mo, 2004; Smith, Langston, & Nisbett, 1992) . This generalization of equivalence carries forward into adult years and apparently forms the "very keel and backbone of our thinking," as James (1890/ 1950) proclaimed more than a century ago (p. 459).
The S/D abstract concept, like all abstract concepts, is a rule about relationships (e.g., identity) among stimuli and is to be contrasted with so-called natural concepts (i.e., categories or classes) that are based on stimulus-feature learning (and transfer by stimulus generalization). For example, pigeons have learned natural concepts of person, water, trees, fish, or oak leaves (e.g., Cerella, 1979; Herrnstein & Loveland, 1964; Herrnstein, Loveland, & Cable, 1976) . By contrast, abstract concepts transcend stimulus features and depend upon a stimulus relationship or rule and are thus considered higher-order learning.
Nonhuman animals have long been considered less adept at learning abstract concepts (and therefore less intelligent) than humans. There is a tradition from Darwin (1859) and Romanes (1892) to compare intelligence of different species and more recently to use concept learning abilities of different species as a measure of general cognitive ability or intelligence (e.g., D'Amato, Salmon, & Colombo, 1985; Herman, Hovancik, Gory, & Bradshaw, 1989; Herrnstein, 1990; Premack, 1978 Premack, , 1983a Premack, , 1983b Thomas, 1980 Thomas, , 1996 Thompson, 1995; Thompson & Oden, 2000) . Some species (e.g., pigeons) have been thought to be totally deficient in abstract-concept learning, whereas others (monkeys, dolphins, etc.) have been considered only partially deficient relative to humans. Such concept-learning differences provide evidence for the possibility of evolutionary differences or cognitive "modules" to perform these higher-order cognitive tasks (e.g., Cosmides & Tooby, 1994; Geary & Huffman, 2002; Gigerenzer, 1995 Gigerenzer, , 1997 Hermer & Spelke, 1996; Wagner & Wagner, 2003) .
Nevertheless, despite such claims that some species may be deficient in their ability to learn abstract concepts, recent technological and procedural advances in testing animals have provided evidence that some of these species originally thought to be deficient in abstract-concept learning actually do have this ability (e.g., Bhatt & Wright, 1992; Bovet & Vauclair, 2001; Katz et al., 2002; Pepperberg, 1987; Wright et al., 2003; Wright, Shyan, & Jitsumori, 1990) .
Subjects that do have the ability to learn abstract concepts should, in our opinion, be able to perform as accurately with novel stimuli as with training stimuli under the right conditions. A finding of partial concept learning, where transfer performance is between chance and baseline performance, is inconclusive because some process other than the relational rule is being used by these subjects a substantial proportion of the time. Moreover, no one has yet specified what these subjects are doing when they do not transfer. Any speculation is just a guess. In consideration of substantial evidence that some species do not accurately transfer following training with small numbers of training stimuli, we made the number of training stimuli a parameter of our experiments. We began training with a small set of eight stimuli but progressively expanded (doubled) the training set followed by transfer tests. This regime allowed us to assess whether or not the degree of concept learning would depend on the number of training exemplars and whether or not transfer would eventually reach the level of baseline performance with the training stimuli. In anticipation that large numbers of training stimuli might be necessary to achieve a level of transfer equivalent to baseline performance, we used picture stimuli. With a large set of picture stimuli at our disposal, we could select training and testing pictures that were distinct from one another, thereby adhering to the criterion that all transfer trials must contain novel stimuli. Transfer stimuli can be tested only once for the stimuli to be novel and avoid learning that might otherwise confound transfer.
Rhesus Monkeys, Capuchin Monkeys, and Pigeons
Rhesus monkeys (Macaca mulatta) were chosen because they are an Old World species and are the standard human model in many areas of research. Capuchin monkeys (Cebus apella) were chosen because they are a New World species with a different evolutionary history from rhesus and have been thought to be a comparatively more "clever" and intelligent monkey species (e.g., Chevalier-Skolnikoff, 1989; Parker & Gibson, 1977; Visalberghi, Savage-Rumbaugh, & Fragaszy, 1995) . Pigeons (Columba livia) were chosen because they are a standard laboratory species, they are a focus of species differences in abstract-concept learning, and they have an evolutionary history and neural architecture that contrasts sharply with monkeys.
General Procedures
The experimental subjects for this meta-analysis were 6 rhesus, 3 capuchins, and 4 pigeons (see Katz et al., 2002; Wright et al., 2003 , for further details and controls). All testing chambers had stimulus panels with color monitors, touch screens, and one of the following: a pellet cup (for capuchins), a juice tube and a pellet cup (for rhesus), or a grain hopper (for pigeons). All subjects were trained with the same training items, the same choice responses, the same performance criteria, the same degree of set-size expansions, the same testing pairs, and similar displays presented at similar visual angles. Visual angles of the displays for pigeons and monkeys were made similar by adjusting the display sizes in accordance with the distances from which these subjects typically viewed the displays.
Training initially began with the eight items shown in Figure 1 . The subjects were presented with two vertically aligned pictures and a white rectangle (to the right of the lower picture). Examples of a same display and different display are shown in Figure 1 . Rhesus monkeys and pigeons began trials by touching or pecking the upper picture followed by presentation of the lower picture plus the white rectangle. Capuchin monkeys had both pictures and the white rectangle presented at the beginning of trials. If the two pictures were the same, then a touch or peck to the lower picture was correct; if the two pictures were different, then a touch or peck to the white rectangle was correct. After the choice response, all stimuli were extinguished, correct choices were rewarded, and a 15-s intertrial interval separated trials. Each session contained 100 trials (50 same and 50 different trials).
The reason we used the procedure of requiring the monkeys and pigeons to touch or peck the lower picture for a same response was that an alternative procedure with two buttons (for same and different) on either side of the pictures proved to be difficult for the rhesus monkeys to learn (Bhatt & Wright, 1992) . In our procedure, like matching to sample (MTS), subjects did respond to the matching stimulus on same trials. Nevertheless, our procedure differs in important ways from the MTS procedure. MTS tasks are less sensitive than S/D tasks for exploring how subjects learn and perform conditional learning tasks. In MTS tasks there are always two choice stimuli: one correct and one incorrect. Memory accuracy is affected by the identical matching stimulus being present on every trial. Even under difficult-to-discriminate conditions (e.g., two different red flowers as choices) or interference conditions (e.g., repeating stimuli across trials), the subject can compare the choices and choose the better of the two. In S/D tasks, by contrast, the correct and incorrect stimuli are not present at the same time; they occur on separate trials. Subjects make each decision in isolation, so to speak. The subject decides whether the test was identical to the sample. If so, the subject makes an (arbitrarily designated) "same" response (response to the lower item in our procedure); if not, it makes an (arbitrarily designated but different) "different" response (response to the white rectangle in our procedure).
All training items appeared on both same and different trials and were pseudorandomly selected so that individual items would not be predictive of the correct response. Training continued at each set size until performance was Ն 85% (except at the initial set size, where the criterion was three consecutive sessions Ն 80%). Following training (except following the 16-item set), transfer was tested for six consecutive 100-trial sessions (90 baseline trials plus 10 transfer trials, quasi-randomly intermixed). Pictures on transfer trials were novel, and choices were reinforced, as they were on baseline trials. Transfer items and new training items were selected to be as different as possible from all previous training items (see , for color reproductions of all transfer stimuli and training stimuli for sets 8 -256).
General Results and Transfer
Rhesus monkeys, capuchin monkeys, and pigeons learned the initial S/D task with the same eight stimuli at a similar rate and to a similar level of accuracy. They all showed increasing transfer as the training sets were successively doubled, as shown in Figure 2 . Eventually all subjects showed transfer equivalent to baseline, with performance above 80% correct, which we have previously referred to as full concept learning (Katz et al., 2002; Wright, 1991; Wright et al., 2003; Wright, Santiago, Urcuioli, & Sands, 1984) . One difference among the species was that pigeons required a larger set of training stimuli than either monkey species to achieve this full concept learning.
These set-size functions of Figure 2 show what we think are some important relationships in abstract-concept learning. To learn an abstract rule, these subjects have to experience variation in the relationship between the two items, as even humans do (Chen & Mo, 2004) . But the required number of variations in the relationship is substantially greater for monkeys and pigeons than for humans, and there appear to be differences in this regard across species. For example, pigeons need to experience more exemplars and hence more variations in the relationship than monkeys do. Variation in exemplars is important, we believe, because if pigeons had been tested at a small or intermediate set size, then they would have shown only partial concept learning or possibly no concept learning at all. Such a finding would have added to the literature on the pigeon's inability or only partial ability to learn abstract concepts. But this is clearly not the case. Pigeons, like monkeys, are capable of fully learning the S/D abstract concept; they just require more exemplars of the rule.
Another Interpretation
Historically, there has been no shortage of proposals that some animals are incapable of learning abstract concepts. Although failure to learn abstract concepts is inherently inconclusive (as are all null results, e.g., Macphail, 1985) , such failures have provided ready evidence to support proposals that cognitive learning abilities (and intelligence) form a hierarchy (e.g., D'Amato et al., 1985; Mackintosh, 1988; Premack, 1978 Premack, , 1983a Premack, , 1983b Thomas, 1980 Thomas, , 1996 Tomasello & Call, 1997) . Even experiments that have produced the highest levels of transfer, such as those shown in Figure 2 , and have employed some of the most stringent controls and criteria still elicit skepticism by some researchers (e.g., Colombo, Cottle, & Frost, 2003; Mackintosh, 2000 ; see also the discussion in Cook, 2002) . The issue apparently is that because these monkeys and pigeons require such a large number of training stimuli to train the abstract concept, "it becomes difficult to rule out the possibility that transfer will be based on the physical similarity between supposedly novel test stimuli and some of the stimuli used in training" (Mackintosh, 2000, p. 132) . Transfer based on physical similarity is the generalization hypothesis being considered here.
First of all, it should be pointed out that such a criticism is a Catch-22. One could say (as we do) that pigeons and monkeys do not learn an S/D abstract concept with smaller numbers of stimuli because they have not experienced enough exemplars to learn the S/D rule. Moreover, how few stimuli would be few enough to avoid such a criticism? They never say. Indeed, how could there exist any magic number of stimuli? Besides, how would one ever determine that the requirement had been met? They never say. Even the eight stimuli initially used in these experiments might be too many. As Figure 1 shows, these eight stimuli contain a rich array of colors and shapes. This argument is an infinite regress with no evidence to support it and no way to test it. But because there was no transfer following training with the eight stimuli, any appeal to the generalization hypothesis of transfer would in this case be moot. The reason that traditional tests of generalization, such as generalization gradients (e.g., Shepard, 1987) or multidimensional scaling (e.g., Sands, Lincoln, & Wright, 1982 ) cannot be used with large training sets is because there are just too many comparisons to be (reliably) tested.
Learning the Same/Different Task According to the Generalization Hypothesis
For generalization to account for transfer, subjects would have to learn the individual training pairs. The necessity of learning training pairs is a conclusion that is not always obvious at first. Because generalization is based upon similarity in appearance, the only alternative to training-pair learning for generalization to be instrumental would be if subjects learned the correct responses to individual stimuli. But the subjects cannot learn the correct responses to individual stimuli because all stimuli were counterbalanced with regard to type of trial (S/D) and position (top-bottom). For generalization to hold, subjects must be learning the individual training pairs, so that generalization from these training pairs to the novel transfer pairs would be the basis of the transfer.
A result of learning the training stimulus pairs, according to the generalization hypothesis, is that even though different pairs had been learned with a common stimulus (e.g., A/B, A/C, A/D, A/E), there would be no learning advantage attached to learning additional pairs with the same "A" stimulus in the upper position (e.g., A/I, A/J, A/K, A/L, etc.). This conclusion, too, is not always obvious at first. Any advantage in learning A/I after learning A/B would depend upon learning the relationship between A and B. Such relational learning is the basis of abstract-concept learning-learning the rule. Any admission that this is what subjects were doing would be tantamount to conceding that generalization is not an important factor and that the subjects are learning the abstract concept-a rule that transcends stimulus features. 
Generalization Model Parameters Learning Rate for Each Training-Stimulus Pair
The monkeys and pigeons showed no significant transfer with the smallest training set used (eight items). Mean transfer for all species was 53.5% and nonsignificantly different from chance performance, t(2) ϭ 1.7, p Ͼ .20, Cohen's d ϭ 1.003. This result was advantageous for the modeling of generalization because it means that the estimate of training-pair learning would not be contaminated by generalization. We used the learning rate for each individual subject on the eight-item set to determine the average number of trials it would take to learn the correct response to each training stimulus pair.
Thus, the number of trials to acquisition to learn each new training pair (TTA pair ) is given by TTA pair ϭ Trials to 8-Item Acquisition 64 .
In addition to this relatively pure measure of individual trial learning, other experiments have shown that the number of trials to learn unique stimuli (such as a unique stimulus pair) remains fairly constant even after years of training and testing (e.g., Cook, Levison, Gillett, & Blaisdell, 2005) . Therefore, if the S/D task were learned in the manner specified by the generalization hypothesis, then we would expect that the number of trials to learn each training pair would remain roughly constant over the course of the training-set expansion experiments.
New Pairs to Be Learned
As the training set was expanded, the number of new training pairs (N pairs ) to be learned (taking into account top and bottom positions on different trials) increased as the square of the newly expanded training set minus the square of the old training set:
New Pairs and Generalization
As transfer began to develop with training-set expansion, we used the degree of transfer to adjust the number of new trials to be learned, in accordance with the generalization hypothesis. Because transfer is produced by generalization (according to the generalization hypothesis), transfer at the end of one trainingset acquisition should be a good predictor of how many new training stimulus pairs (during the next acquisition) would already be accommodated by generalization and would not have to be learned. For example, if transfer had been 50% with the previous training set (i.e., 50% of the interval between chance performance and baseline), then during the next acquisition half of the new pairs would be responded to correctly on their first presentation and total trials to reach criterion for the new training set would be half what they would have been with no generalization. In general terms, for any level of transfer the proportion of new pairs to be learned (P pairs ) would be the interval between baseline and transfer performance divided by the interval between baseline and chance performance (maximum transfer possible):
Example. An example of this computation is shown graphically in Figure 3 by means of the rhesus monkeys' transfer following the 32-item acquisition, which was then used to determine the proportion of new pairs to be learned with the 64-item set. The left-hand bracket shows the interval (in percentage correct) between baseline and transfer performance (14.5%), and the righthand bracket shows the interval between baseline and chance performance (39.5%), which specifies how much performance can reasonably be expected to change. Therefore 14.5/39.5, or 36.7%, of the 3,072 (4,096 -1,024) new pairs would need to be learned (i.e., 1,128 new pairs) at the 64-item set, according to the generalization hypothesis.
Total Trials to Acquisition
These three parameters predict the total number of trials to acquisition (TTA predicted ) for each newly expanded training set:
TTA predicted ϭ TTA pair ϫ N pairs ϫ P pairs .
Results
The predicted and obtained TTA results can be seen in Figure 4 , which shows that the learning predictions from the generalization hypothesis do not account for the obtained results. The predicted learning functions increasingly diverge from the obtained functions as the training set size was expanded. The largest differences in each case were greater than two orders of magnitude (100 times). These predicted versus obtained differences were confirmed for each species by separate two-way repeated measures analysis of variance of Condition (observed, predicted) ϫ Set Size Figure 3 . An example of how the proportion of new pairs to be learned (i.e., not accommodated by generalization; see Equation 3) was calculated for the 64-item training set from the rhesus monkeys' transfer and baseline performances at the 32-item set. The numerator of this proportion is the left bracket for baseline-transfer (Base-Tran) performance (89.5% -75% ϭ 14.5%), and the denominator is the right bracket showing baseline-chance (Base-Chance) performance (89.5% -50% ϭ 39.5%).
(monkeys: 16, 32, 64, and 128; pigeon: 16, 32, 64, 128, 256, 512, and 1,024) The procedure of doubling the set size was instrumental in producing robust results. Doubling the set size resulted in exponentially increasing the number of new pairs to be learned and amplified differences between the predicted and obtained learning results. If subjects were learning the abstract concept and relationship between the stimuli, then there would be every reason to expect that progressively increasing the number of new stimuli should have had much less effect on the number of acquisition trials for successive doublings. Progressively increasing the number of new stimuli would result in progressively increasing the number of exemplars of the rule, which might in turn accelerate abstract-concept learning. Such a result in fact appears to be the case. Figure 4 shows that the number of trials to reach criterion progressively declined despite a progressive increase in the number of new stimuli and new training pairs. This aspect of the results is perhaps most clearly shown in Figure 5 by cumulating the number of 100-trial sessions to reach criterion as the set size was expanded. The functions for the obtained results for all species are negatively accelerated. Even the portions of these functions that appear relatively flat for the monkey species rise by at least one session (100 trials)-the minimum number to confirm that the performance criterion was met. By contrast, the functions for the generalization hypothesis are strongly positively accelerated. Not only was the number of new stimuli being doubled for each successive acquisition, but the number of new pairs was growing as the square of the number of new stimuli. So, notwithstanding an exploding number of new stimuli and pairs, all these species showed precipitous declines in training to reach acquisition-a result that could occur only if they were learning the abstract concept.
Parameter Manipulations, Limits, and Alternative Strategies
As with any model, it can be informative to manipulate the parameters to determine the extent and limits of whether the model predictions can be brought in line with the data. In the next sections, we relax parameters of the generalization model to determine at what point-or whether-generalization can account for the data. The effect of these considerable parameter manipulations (50% in each case) is cumulated to show whether or not combinations of these substantial changes in model parameters might be able to account for the results. There is at least one case-when transfer equals baseline-in which the model and predictions do come together. We also discuss the evidence against two other possibilities of strategic processing and their implications for learning the task and generalization.
Learning-Rate Stability
One parameter issue is whether the number of trials to learn each new training pair would be expected to remain stable during set-size expansion. Most examples of improved learning rates per pair involve relating the items of each pair (i.e., relational learning). An example would be the improved Trial 2 learning in the classic learning-set task (e.g., Harlow, 1949) . By contrast, when subjects learn a choice task with arbitrarily selected stimuli (similar to learning training pairs in the S/D task if transfer were based on generalization), then learning rates have been shown to be stable over years of learning. For example, when pigeons learned to sort as many as 520 arbitrarily selected pictures into two categories, they showed no measurable improvement in learning new stimuli even after several years of training .
Nevertheless, readers can get a feel for how sensitive (or insensitive) the model predictions would be if the learning rates were to gradually improve over the course of the successive acquisitions with the expanding training sets. If the learning rate of each training pair were to gradually improve such that each stimulus pair would be learned twice as rapidly (50% decrease in TTA pair ) at the point where transfer and baseline were equivalent (128 items for monkeys and 256 items for pigeons), then the predicted functions would look like those shown as TP functions (signified by triangles) in Figure 6 . It can be seen that this parameter manipulation has only a slight effect on the predicted functions because the number of pairs increases so rapidly with successive doublings of the training set.
Indeed, no increase in the learning rate for individual pairs, no matter how large, would reproduce the observed data. Even when we made the implausible assumption that individual pairs could be learned almost instantaneously (e.g., on Trial 2), the predicted results were still vastly different from the obtained results, particularly at large set sizes (main effects plus interactions, Fs Ͼ 7, ps Ͻ .04, 2 s Ͼ .63). Such a result underscores the utility of doubling the training set size to discriminate between individualpair learning (and transfer based on generalization) and relational learning (and transfer based on the abstract concept).
Generalization During Learning
Another parameter issue is whether generalization might occur during the acquisitions themselves-generalization from newly learned pairs to those pairs still unlearned. Here again, it is important to emphasize that we took measures to minimize the possibility of any such generalization: The training stimuli were selected from a pool of over 5,000 pictures to be distinctly different from one another. We also had humans judge the similaritydistinctiveness of the training and test stimuli, and the results showed no strong correlations with the monkeys' and pigeons' transfer performance .
But here, too, readers can get a feel for how sensitive (or insensitive) the model predictions would be to changes in this parameter by allowing some generalization as the training pairs of each training set were being learned. If such generalization were to gradually increase with training set size (similar to the previous manipulation of 50% generalization at the point of full concept learning), then the change would look the same as the previous manipulation for a 50% reduction in new pairs to be learned. Nevertheless, we added the effects of this 50% reduction to the previous one and show their cumulative effects as GL ϩ TP functions (signified by diamonds) in Figure 6 . Both of these manipulations together still had only minimal effects on the predicted TTAs relative to the obtained results.
Learning Rates for New/Old Pairs Versus New/New Pairs
Another parameter issue is whether new/old pairs (i.e., pairs composed of one old and one new stimulus) might be learned more rapidly than pairs composed of two new stimuli. One could possibly argue for a new/old pair advantage based on perceptual learning or diminished novelty aversion. We did, however, test for new/old learning advantages in our experiments and found little or no advantage for rhesus monkeys, Fs(1, 5) Ͻ 1.5, p Ͼ .27, or capuchin monkeys, Fs(1, 2) Ͻ 1.1, p Ͼ .41, at the 32-to 128-item training sets or for pigeons, Fs(1, 3) Ͻ 3.4, p Ͼ .16, at the 64-to 1,024-item training sets, but there was a slight advantage for pigeons at the 32-item set, F(1, 3) ϭ 12.9, p Ͻ .05, 2 ϭ .81. Nevertheless, readers can get a feel for how sensitive (or insensitive) the model predictions would be to changes in this parameter by allowing a 50% reduction in learning new/old pairs across all training sets. The effect of this reduction is added to the effects of the previous two manipulations and is shown by the cumulative NO ϩ GL ϩ TP functions (signified by squares) in Figure 6 . Overall, the cumulative effect of these parameter manipulations did not account for the obtained results despite the large cumulative reduction in TTA. Differences between these predicted cumulative functions (NO ϩ GL ϩ TP) and obtained functions were confirmed for each species by separate two-way repeated measures analysis of variance of Condition (observed, predicted) ϫ Set Size (rhesus and capuchin monkeys: 16, 32, 64, and 128; pigeons: 16, 32, 64, 128, 256, 512 , and 1,024) on trials to acquisition that each yielded a main effect of Condition and Condition ϫ Set Size interaction, rhesus: F(1, 5) ϭ 18.1, p Ͻ .009, 2 ϭ .78, and F(3, 15) ϭ 3.5, p Ͻ .05, 2 ϭ .41; capuchin: F(1, 2) ϭ 143.3, p Ͻ .007, 2 ϭ .99, and F(3, 6) ϭ 23.6, p Ͻ .001, 2 ϭ .92; and pigeon: F(1, 3) ϭ 10.7, p Ͻ .05, 2 ϭ .78, and F(6, 18) ϭ 6.5, p Ͻ .001, 2 ϭ .68 (see footnote 1).
Complete Transfer as the Limit Is Approached
Although transfer and baseline performances became statistically equivalent as the set size was expanded for each species, nevertheless there was a slight absolute decrement in transfer relative to baseline for most subjects. With the number of new pairs to be learned increasing so rapidly, even a slight difference between transfer and baseline resulted in a substantial number of new pairs to be learned. But when the difference is allowed to approach zero, Figure 7 shows that the predicted TTAs actually will fall to the minimum value (a single 100-trial test session), as they should according to Equation 4. This precipitous decline in predicted TTAs occurs only as the limit is approached where transfer actually equals baseline performance. Nevertheless, despite the predicted and obtained functions coming together at this end point, very substantial differences would still exist for the vast majority of intermediate values-the time during which the concept is being learned.
Alternative Learning Strategies
The learning strategies considered so far have been learning the relationship between the two items versus learning the features and appearance of the individual training pairs. But there are two other learning strategies that have been hypothesized to play a role in subjects' learning the S/D task. We consider these two learning strategies and what their implications might be for transfer and the generalization hypothesis of transfer. One such strategy is that subjects might learn one of the two trial types (e.g., same trials) and then make a default response on other trial types (e.g., different trials, transfer trials, etc.). We will refer to this hypothetical strategy as a default strategy. A somewhat related strategy is that subjects might learn the perceptual regularity (symmetry) between the two stimuli (features repeated one above another) unique to same trials and then respond "same" on these trials and default to the different area when perceptual regularity is absent. We will refer to this hypothetical strategy as a perceptual-regularity strategy.
Default strategy. The default strategy would be an efficient way to learn the S/D task, an attribute likely responsible for the persistence of this hypothetical strategy. The default strategy is efficient because the number of distinctive same trials is always far less than the number of distinctive different trials. Moreover, such a strategy would increase in efficiency as the training set was expanded. For example, with the eight-item set there were 7 times more different than same trials, whereas with the 32-item set there were 31 times more different trials than same trials. In general terms the multiplicative factor is (n -1), where n is the set size. One implication of a default strategy would be that there should be a strong different-trial bias during transfer because all transfer trials would contain stimuli different from those that had been learned-the stimuli on same trials. But there was no evidence of a different-trial bias during transfer by rhesus monkeys, capuchin monkeys, or pigeons Katz et al., 2002; Wright et al., 2003) . Thus, in these experiments there was no evidence of a default strategy.
Perceptual-regularity strategy. The perceptual-regularity strategy asserts the possibility that animals might learn something about the regularity of features (also called translational symmetry; Tyler, 2002) between the top and bottom item on same trials (e.g., Anderson, Kuwahata, Kuroshima, Leighty, & Fujita, 2005) . A perceptual-regularity strategy might transcend features of the training stimuli, as does the S/D abstract concept, but the difference would be that perceptual regularity depends upon an emergent perceptual property of the pair of stimuli when they were presented together at the same time. There are at least three lines of evidence from our laboratories that argue against perceptual regularity being instrumental in our experiments (see also Cook, Cavoto, & Cavoto, 1995; Cook, Katz, & Cavoto, 1997; Wasserman, Hugart, Kirkpatrick-Steger, 1995; Young & Wasserman, 2001 , for other arguments against perceptual regularity).
First, if our subjects were responding "same" when they perceived regularity and defaulted to "different" if none was perceived, then one would expect faster reaction times to same than different trials. From the subjects' standpoint, they first responded to the sample in the upper position and were then presented with the test stimulus directly below the sample. If regularity "emerged" from the pair of stimuli, then according to this strategy they should respond to the test stimulus. If none emerged, then they should turn away from the test stimulus and focus on the white rectangle-a "default" response. We reanalyzed the reaction-time results from these experiments. We focused on the point of full concept learning because that would be the point in acquisition to most clearly reveal whether regularity might be instrumental in the subjects' good transfer performance. Neither monkeys nor pigeons showed faster reaction times to same trials or indeed any reaction time differences between the two trial types, so this is evidence against the perceptual-regularity strategy (it is also evidence against the default strategy in the previous section).
Second, another implication of perceptual regularity would be that it should depend upon the pair of stimuli being perceived simultaneously. Any regularity of features that might produce an emergent property should quickly dissipate with delay, and performance should deteriorate. We have never seen the kind of rapid drop in accuracy one would expect if performance were based on such an emergent property from simultaneously presented stimuli. We have trained 20 rhesus monkeys, 4 capuchin monkeys, and 9 pigeons in this S/D task. In every case, their transition to a delayed S/D task was seamless, with typically only slight drops in accuracy for one or two sessions. Moreover, the monkeys and pigeons transferred accurately to novel stimuli in delayed S/D tasks and maintained reasonably accurate performance with delays of 10 s and longer (Katz, Wright, & Sturz, 2006) . Third, one capuchin monkey that was trained with a randomly changing alignment between the top and bottom pictures learned the task and transferred as well as others trained with a fixed alignment (see Figure 1 ) but died before completion of the set-size expansion experiment (Wright et al., 2003) .
General Discussion
The generalization hypothesis of abstract-concept learning has been around for some time (see Premack, 1978) . Generalization as the basis of transfer differs from concept learning in that transfer should be based on the similarity between features of transfer stimulus pairs to features of training stimulus pairs. In concept learning, on the other hand, transfer is based on the learned relationship (same vs. different) between the two items (training items or transfer items). Thus, how subjects perform the task with the training stimuli is the best predictor of what they will do with the transfer test stimuli. In this article, predictions were made about learning of the S/D task with progressively expanding sets of training stimuli if transfer had been based upon generalization as opposed to concept learning. The learning predictions based upon generalization diverged in a direction opposite to the obtained results, and despite large parameter manipulations they could not be brought into alignment with the obtained results. Thus, this analysis shows no evidence that transfer was based on generalization or that these subjects learned the S/D task in a manner conducive to transfer based upon generalization.
The large obtained-versus-predicted differences for the generalization hypothesis were, for the most part, the product of doubling the training set size. Choosing to manipulate set size was originally motivated by uncertainty about which set size would yield full concept learning (as opposed to partial concept learning), and this manipulation had not been systematically explored in previous concept-learning studies (Bhatt & Wright, 1992; Bovet & Vauclair, 2001; Cook et al., 1995 Cook et al., , 1997 Cook, Kelly, & Katz, 2003; Pepperberg, 1987; Wright et al., 1990; Young, Wasserman, & Dalrymple, 1997; Young, Wasserman, & Garner, 1997; Young, Wasserman, Hilfers, & Dalrymple, 1999) . Doubling of the set size had the effect of accelerating the number of new pairs to be learned and thereby amplified the contrast between these possibilities of generalization and true concept learning. Concept learning itself may have been accelerated by progressively doubling the set size and expanding the numbers of new training stimuli.
Among the most damning evidence for the generalization hypothesis is that when these species were transferring at a level comparable to their baseline performance, they reached criterion so rapidly (sometimes in a single session) that the vast majority (99% for rhesus and capuchin monkeys and 98% for pigeons) of new training pairs had not been seen even once. The only way that these subjects could produce such a result would be by learning the S/D abstract concept and applying this rule on the first presentation of new training pairs with increasing frequency as the set size was expanded.
Ironically, the condition promoting concept learning (large number of training stimuli) is the same condition that some generalization theorists contend should promote generalization (Mackintosh, 2000) . Moreover, the condition that we contend would be most likely to promote generalization (small number of training stimuli) is the condition that these same generalization theorists say would minimize generalization (apparently based upon fewer opportunities for generalization). The key to resolving these diametrically opposed predictions was to test what the subjects were learning under these conditions, because what is learned determines how these subjects will process and respond to the novel transfer stimuli.
By showing that generalization from the training pairs was not a factor in the transfer by these subjects, we can move a step closer to specifying what exactly did mediate their transfer. This and other evidence points to these subjects' learning the relationship between the two items presented in each trial and transferring this relational learning to novel item pairs. We believe that this relational learning is the basis of the S/D concept, judgments of whether the two items were the same or different.
Pigeons apparently need to learn more examples of this relationship than do monkeys in order to accurately apply this rule to novel stimuli. Apes may require fewer exemplars than monkeys to learn abstract concepts (Oden, Thompson, & Premack, 1988; . But in terms of generality of processing, the most important species comparison is that all these species do have the cognitive ability to fully learn the S/D abstract concept. This similarity in cognitive ability is a qualitative similarity. Only by determining the functional relationship between concept learning and set size does this qualitative similarity emerge as distinct from the quantitative differences previously mentioned. Qualitative similarity shows the extent to which this higher-order abstract-concept learning must be distributed across species as diverse in their neural architectures as primates and avians.
